
(19) *EP004488106A1*
(11) EP 4 488 106 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
08.01.2025 Bulletin 2025/02

(21) Application number: 24186675.5

(22) Date of filing: 04.07.2024

(51) International Patent Classification (IPC):
B60L 53/10 (2019.01) B60L 53/14 (2019.01)
B60L 58/27 (2019.01) H02J 7/00 (2006.01)

(52) Cooperative Patent Classification (CPC):
B60L 53/11; B60L 53/14; B60L 58/27;
H02J 7/007194; B60L 2210/10; B60L 2240/545

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 07.07.2023 CN 202310838512

(71) Applicant: Huawei Digital Power Technologies
Co., Ltd.
Shenzhen, Guangdong 518043 (CN)

(72) Inventors:
• CHENG, Yang
Shenzhen, 518043 (CN)

• FENG, Ningbo
Shenzhen, 518043 (CN)

• MO, Wei
Shenzhen, 518043 (CN)

(74) Representative: Gill Jennings & Every LLP
The Broadgate Tower
20 Primrose Street
London EC2A 2ES (GB)

(54) DIRECT CURRENT CHARGING APPARATUS, POWERTRAIN, AND ELECTRIC VEHICLE

(57) This application provides a direct current char-
gingapparatus, a powertrain, andanelectric vehicle. The
direct current charging apparatus is configured to charge
a power battery of the electric vehicle. The direct current
charging apparatus includes a direct current charging
interface, a switch module, and a direct current voltage
conversionmodule. The direct current charging interface
is configured to connect a positive electrode and a ne-
gative electrode of a power supply apparatus and a
positive electrode and a negative electrode of the power
battery to form a charging loop. The switch module is
configured to connect or disconnect the charging loop.

The direct current voltage conversion module is config-
ured to output a preset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus. According to the direct current
charging apparatus, the powertrain, and the electric ve-
hicle provided in this application, after a charging loop
between the power battery of the electric vehicle and a
charging pile is disconnected, when the charging loop is
connected again, charging can be resumed without re-
swiping a card/re-scanning aQR code by a user, thereby
reducing user operations and improving user experi-
ence.
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Description

TECHNICAL FIELD

[0001] Embodiments of this application relate to the
field of new energy vehicles, and in particular, to a direct
current charging apparatus, a powertrain, and an electric
vehicle.

BACKGROUND

[0002] With development of new energy vehicle tech-
nologies, many automobile manufacturers gradually
launch electric vehicles. The electric vehicles have be-
come the choice of many users because of character-
istics of energy saving, environmental protection, and
having a relatively mature technology.
[0003] After the electric vehicle is connected to a char-
ging pile, the user usually needs to swipe a card/scan a
QR code, and the charging pile charges the electric
vehicle through a charging loop between a power battery
and the charging pile. To ensure user safety, the electric
vehicle needs to be charged in a non-operating mode.
When the power battery of the electric vehicle is in a
charging state, if the charging loop between the power
battery of the electric vehicle and the charging pile is
disconnected, the charging pile usually stops charging.
After the charging loop between the power battery of the
electric vehicle and the charging pile is connected again,
the user usually needs to re-swipe the card/re-scan the
QR code to control the charging pile to resume charging.

SUMMARY

[0004] This application provides a direct current char-
ging apparatus, a powertrain, and an electric vehicle.
After a charging loop between a power battery of the
electric vehicle andachargingpile is disconnected,when
the charging loop is connected again, charging can be
resumed without re-swiping a card/re-scanning a QR
code by a user, thereby reducing user operations and
improving user experience.
[0005] According to a first aspect, an embodiment of
this application provides a direct current charging appa-
ratus. The direct current charging apparatus is config-
ured to charge a power battery of an electric vehicle. The
direct current charging apparatus includes a direct cur-
rent charging interface, a switch module and a direct
current voltage conversion module. The direct current
charging interface is configured to connect a positive
electrode and a negative electrode of a power supply
apparatus and a positive electrode and a negative elec-
trode of the power battery to form a charging loop. The
switchmodule is configured to connect or disconnect the
charging loop. The direct current voltage conversion
module is configured to output a preset direct current
voltage to the positive electrode and the negative elec-
trode of the power supply apparatus.

[0006] In this embodiment of this application, the direct
current voltage conversion module included in the direct
current charging apparatus has a function of outputting
the preset direct current voltage to the positive electrode
and the negative electrode of the power supply appara-
tus. When the direct current voltage conversion module
needs to output the preset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus, the direct current voltage con-
version module may output the preset direct current
voltage to the positive electrode and the negative elec-
trode of the power supply apparatus. Therefore, the
power supply apparatus is connected to the electric
vehicle and charges the power battery of the electric
vehicle. If the charging loop between the power battery
of the electric vehicle and the power supply apparatus is
disconnected, the direct current voltage conversionmod-
ule outputs the preset direct current voltage to the power
supply apparatus. When the charging loop is discon-
nected, the direct current voltage conversion module
outputs the preset direct current voltage to the power
supply apparatus. Therefore, after the charging loop is
connected again, charging can be resumed without re-
swiping a card/re-scanning aQR code by a user, thereby
reducing user operations and improving user experi-
ence.
[0007] In an implementation of the first aspect, the
switch module is configured to disconnect the charging
loop in response to that the direct current voltage con-
versionmodule outputs the preset direct current voltage.
[0008] In this implementation, because the direct cur-
rent voltage conversion module first outputs the preset
direct current voltage, and the switch module discon-
nects the charging loop in response to that the direct
current voltage conversion module outputs the preset
direct current voltage, there is no possibility that the
charging loop is disconnected and the direct current
voltage conversion module does not output the preset
direct current voltage. Therefore, this implementation
can prevent the power supply apparatus from immedi-
ately raising an alarm when the power supply apparatus
detects that the charging loop is disconnected but does
not receive the preset direct current voltage, to reduce a
possibility of raising an alarm by the power supply appa-
ratus.
[0009] In an implementation of the first aspect, the
direct current voltage conversion module is configured
to: in response to that the switch module connects the
charging loop, stop outputting the preset direct current
voltage.
[0010] In this implementation, because the switch
module first connects the charging loop, and in response
to that the charging loop is connected, the direct current
voltage conversion module stops outputting the preset
direct current voltage, there is nopossibility that the direct
current voltage conversion module stops outputting the
preset direct current voltage and the charging loop is
disconnected. Therefore, this implementation can pre-
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vent the power supply apparatus from immediately rais-
ing an alarm when the power supply apparatus detects
that the charging loop is disconnected but does not
receive the preset direct current voltage, to reduce a
possibility of raising an alarm by the power supply appa-
ratus.
[0011] In an implementation of the first aspect, the
switch module is configured to: disconnect the charging
loop in response to that a temperature of the power
battery is less than a preset temperature; or connect
the charging loop in response to that a temperature of
the power battery is greater than or equal to the preset
temperature.
[0012] In this implementation, the switch module may
choose to disconnect or connect the charging loop in
cooperation with operation of a heating function of the
power battery of the electric vehicle. The temperature of
the power battery is relatively low, and the power battery
needs to be heated. The switch module disconnects the
charging loop in response to that the temperature of the
power battery is less than the preset temperature. This
avoids low charging power or even a charging failure
caused by charging the power battery at a low tempera-
ture. As the temperature of the power battery gradually
rises, the switch module connects the charging loop in
response to that the temperature of the power battery is
greater than or equal to the preset temperature. The
power battery is charged when the power battery is
suitable for charging. The charging power is normal, so
that charging efficiency can be improved.
[0013] In an implementation of the first aspect, the
direct current voltage conversion module is configured
to: output the preset direct current voltage in response to
that the temperature of the power battery is less than the
preset temperature; or in response to that the tempera-
ture of the power battery is greater than or equal to the
preset temperature, stopping outputting the preset direct
current voltage.
[0014] In this implementation, the direct current vol-
tage conversion module may choose to output or stop
outputting thepreset direct current voltage in cooperation
with operation of the heating function of the power battery
of the electric vehicle. The temperature of the power
battery is relatively low, and the power battery needs to
be heated. In a heating process of the power battery, the
charging loop is disconnected. The direct current voltage
conversion module outputs the preset direct current vol-
tage in response to that the temperature of the power
battery is less than the preset temperature, so that an
alarm raised for disconnection of the charging loop can
be avoided. As the temperature of the power battery
gradually rises, in response to that the temperature of
the power battery is greater than or equal to the preset
temperature, the direct current voltage conversion mod-
ule stopsoutputting thepreset direct current voltage.This
can avoid a continuous decrease in a voltage of the
power battery caused by continuous output of the preset
direct current voltage by the direct current voltage con-

version module, protecting the power battery.
[0015] In an implementation of the first aspect, the
direct current charging apparatus includes a control cir-
cuit. The control circuit is configured to: in response to
that the direct current charging interface is connected to
the positive electrode and the negative electrode of the
power supply apparatus, control, based on a comparison
result between the temperature of the power battery and
the preset temperature, the direct current voltage con-
version module to output or stop outputting the preset
direct current voltage, and control the switch module to
connect or disconnect the charging loop; or in response
to that the direct current charging interface is not con-
nected to the positive electrode or the negative electrode
of the power supply apparatus, control the direct current
voltage conversion module to stop outputting the preset
direct current voltage.
[0016] In this implementation, in response to that the
direct current charging interface is connected to the
positive electrode and the negative electrode of the
power supply apparatus, the control circuit controls,
basedon thecomparison result between the temperature
of the power battery and the preset temperature, the
direct current voltage conversion module to output or
stop outputting the preset direct current voltage and
controls the switch module to connect or disconnect
the charging loop. This avoids low charging power or
even a charging failure caused by charging the power
battery when the temperature of the power battery is
excessively low, and further prevents the power supply
apparatus from raising an alarm of a charging abnorm-
ality when the power supply apparatus detects that the
charging loop is disconnected. In response to that the
direct current charging interface is not connected to the
positive electrode or the negative electrode of the power
supply apparatus, the direct current voltage conversion
module stops outputting the preset direct current voltage
to the positive electrode and the negative electrode of the
power supply apparatus. This can avoid a continuous
decrease in the voltage of the power battery caused by
continuous output of the preset direct current voltage
converted from the power battery, to the positive elec-
trode and the negative electrode of the power supply
apparatus by the direct current voltage conversion mod-
ule, protecting the power battery.
[0017] In an implementation of the first aspect, the
electric vehicle includes a motor controller and a motor.
The motor controller is configured to connect or discon-
nect a discharging loop between the power battery and
themotor. The control circuit is configured to: in response
to that the temperature of the power battery is less than
the preset temperature, control the motor controller to
connect the discharging loop; or in response to that the
temperature of the power battery is greater than or equal
to the preset temperature, control the motor controller to
disconnect the discharging loop.
[0018] In this implementation, in response to that the
temperature of the power battery is less than the preset
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temperature, the control circuit controls the motor con-
troller to connect the discharging loop, to heat the power
battery. This helps improve charging efficiency of the
power battery. As the temperature of the power battery
rises, in response to that the temperature of the power
battery is greater than or equal to the preset temperature,
the control circuit controls the motor controller to discon-
nect the discharging loop, to avoid overtemperature of
the power battery.
[0019] In an implementation of the first aspect, the
direct current charging interface includes two battery
connection terminals and two power source connection
terminals. The two battery connection terminals are re-
spectively configured to connect to the positive electrode
and the negative electrode of the power battery. The two
power source connection terminals are respectively con-
figured to connect to the positive electrode and the ne-
gative electrode of the power supply apparatus. The
direct current voltage conversion module receives,
through the two battery connection terminals, power
supplied by the power battery. The direct current voltage
conversion module outputs the preset direct current vol-
tage through the two power source connection terminals.
[0020] In this implementation, the two battery connec-
tion terminals and the two power source connection
terminals are terminals on the direct current charging
interface. The direct current voltage conversion module
receives, through the two battery connection terminals,
power supplied by the power battery, and outputs the
preset direct current voltage to the power supply appa-
ratus through the two power source connection term-
inals. This can prevent the power supply apparatus from
raising an alarm caused by a charging abnormality. In
addition, the direct current voltage conversion module is
connected to the two battery connection terminals and
the two power source connection terminals on the direct
current charging interface, and can be compatible with
terminals on the direct current charging interface. This
facilitates integration.
[0021] In an implementation of the first aspect, the
direct current voltage conversion module includes a
diode, a resistor, a capacitor, and a controllable switch.
An anode of the diode is connected to one battery con-
nection terminal. A cathode of the diode is connected to
one power source connection terminal through the re-
sistor and the controllable switch. The battery connection
terminal is configured to connect to the positive electrode
of the power battery. The power source connection term-
inal is configured to connect to the positive electrode of
the power supply apparatus. One end of the capacitor is
connectedbetween the resistor and the switch. Theother
end of the capacitor is connected to the other battery
connection terminal and the other power source connec-
tion terminal. The other battery connection terminal is
configured to connect to the negative electrode of the
power battery. The other power source connection term-
inal is configured to connect to the negative electrode of
the power supply apparatus.

[0022] In this implementation, the direct current vol-
tage conversion module includes the diode, the resistor,
the capacitor, and the switch. When the switch is turned
on, the direct current voltage conversion module outputs
the preset direct current voltage to the power supply
apparatus. When the switch is turned off, the direct
current voltage conversion module stops outputting the
preset direct current voltage to the power supply appa-
ratus. A function of the direct current voltage conversion
module can be implemented through a simple operation.
In addition, the direct current voltage conversion module
includes a few components. This facilitates integration,
reduces costs, and has specific advantages.
[0023] In an implementation of the first aspect, the
switch module includes other two controllable switches.
One controllable switch is configured to connect or dis-
connect one power source connection terminal and one
battery connection terminal. The other controllable
switch is configured to connect or disconnect the other
power source connection terminal and the other battery
connection terminal.
[0024] According to a second aspect, an embodiment
of this application provides a powertrain. The powertrain
includesamotor, amotor controller, and thedirect current
charging apparatus in the first aspect. The motor con-
troller is configured to connect or disconnect a dischar-
ging loop between a power battery and the motor.
[0025] In this embodiment of this application, themotor
controller is configured to connect or disconnect the
discharging loop between the power battery and the
motor. The motor controller controls connection of the
discharging loop in response to that the temperature of
the power battery is less than the preset temperature, to
heat the power battery. This helps improve charging
efficiency of the power battery. As the temperature of
the power battery rises, the motor controller controls
disconnection of the discharging loop in response to that
the temperature of the power battery is greater than or
equal to the preset temperature, to avoid overtempera-
ture of the power battery.
[0026] In an implementation of the second aspect, the
motor controller is configured to connect the discharging
loop in response to that the switch module disconnects
the charging loop.
[0027] In this implementation, the charging loop is
disconnected, indicating that the power battery is not
suitable for charging at this time. The motor controller
connects the discharging loop in response to that the
switchmodule disconnects the charging loop, to heat the
power battery. This avoids low charging power or even a
charging failure caused by charging the power battery
when the temperature of the power battery is excessively
low.
[0028] In an implementation of the second aspect, the
motor controller is configured to disconnect the dischar-
ging loop in response to that connection duration of the
discharging loop is greater than or equal to preset dura-
tion.
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[0029] In this implementation, as the discharging loop
is connected, the temperature of the power battery con-
tinuously rises. When the connection duration of the
discharging loop is greater than or equal to the preset
duration, the power battery is suitable for charging. The
motor controller disconnects the discharging loop in re-
sponse to that the connection duration of the discharging
loop is greater thanor equal to the preset duration, to stop
heating the power battery. This avoids impact of an
excessively high temperature of the power battery on a
lifespan of the power battery.
[0030] In an implementation of the second aspect, the
motor controller includes a control circuit and an inverter
circuit. The inverter circuit includes three bridge arm
circuits. Two ends of each bridge arm are respectively
configured to connect to a positive electrode and a ne-
gative electrode of the power battery. Bridge arm mid-
pointsof the threebridgearmcircuits eachareconfigured
to connect to a one-phase winding of the motor. The
control circuit controls an upper bridge arm switching
transistor of one bridge arm to be turned on, a lower
bridge arm switching transistor of another bridge arm to
be turned on, and the motor controller to connect the
discharging loop. The control circuit controls upper
bridge arm switching transistors and lower bridge arm
switching transistor of a plurality of bridge arms to remain
in a turn-off state, and the motor controller to disconnect
the discharging loop.
[0031] In this implementation, the control circuit con-
trols the upper bridge arm switching transistor of the
bridge arm and the lower bridge arm switching transistor
of the another bridge arm to be turned on, and the motor
controller to connect the discharging loop, to heat the
power battery. This helps improve charging efficiency of
the power battery. The control circuit controls the upper
bridgearmswitching transistors and the lower bridgearm
switching transistors of the plurality of bridge arms to
remain in a turn-off state, and the motor controller to
disconnect the discharging loop, to stop heating the
power battery. This avoids impact of overtemperature
of the power battery on the lifespan of the power battery.
[0032] For technical effect that is not mentioned and
that is possibly achieved in the second aspect, refer to
descriptions of technical effect that can be achieved by
any possible design in the first aspect. Details are not
described herein again.
[0033] According to a third aspect, an embodiment of
this application provides an electric vehicle. The electric
vehicle includes a power battery, a vehicle controller, a
motor controller, a motor, and the direct current charging
apparatus in the first aspect. The power battery includes
a battery management unit. The battery management
unit is configured to detect a temperature of the power
battery. The vehicle controller is configured to control at
least one of the direct current charging apparatus or the
motor controller based on a comparison result between
the temperature of the power battery and a preset tem-
perature.

[0034] For any technical effect that can be possibly
achieved in the third aspect, refer to descriptions of
technical effect that can be achieved by any possible
design in the first aspect. Details are not described herein
again.

BRIEF DESCRIPTION OF DRAWINGS

[0035]

FIG. 1 is a diagramof an electric vehicle according to
an embodiment of this application;
FIG. 2 is a diagram of a direct current charging
apparatus according to an embodiment of this ap-
plication;
FIG. 3 is another diagramof a direct current charging
apparatus according to an embodiment of this ap-
plication;
FIG. 4 is another diagramof a direct current charging
apparatus according to an embodiment of this ap-
plication;
FIG.5 isaschematicof acurrent loopaccording toan
embodiment of this application;
FIG. 6 is another diagramof a direct current charging
apparatus according to an embodiment of this ap-
plication;
FIG. 7 is a schematic of another current loop accord-
ing to an embodiment of this application;
FIG. 8 is a diagram of a powertrain according to an
embodiment of this application;
FIG. 9 is a schematic of a discharging loop according
to an embodiment of this application;
FIG. 10 is a schematic of a charging loop according
to an embodiment of this application; and
FIG. 11 is a diagram of a battery low-temperature
heating method according to an embodiment of this
application.

DESCRIPTION OF EMBODIMENTS

[0036] The following describes technical solutions of
embodiments in this applicationwith reference to accom-
panying drawings.
[0037] In descriptions of embodiments of this applica-
tion, "/" means "or" unless otherwise specified. For ex-
ample, A/B may represent A or B. In this specification,
"and/or" describes only an association relationship be-
tween associated objects and represents that three re-
lationships may exist. For example, A and/or B may
represent the following three cases. Only A exists, both
A and B exist, and only B exists.
[0038] Reference to "some embodiments" or the like
described in this specification means that one or more
embodiments of this application include a particular fea-
ture, structure, or characteristic described with reference
to the embodiments. Therefore, statements such as "in
someembodiments" that appear at different places in this
specification do not necessarily mean reference to a
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same embodiment, instead, they mean "one or more but
not all of embodiments", unless otherwise specifically
emphasized. The terms "include", "comprise", "have",
and their variants thereof all mean "include but are not
limited to", unless otherwise specifically emphasized in
another manner.
[0039] "Equal to" in this application is not an equal-to in
a strict sense, but is within an allowable error range.
[0040] With development of new energy vehicle tech-
nologies, many automobile manufacturers gradually
launch electric vehicles. The electric vehicles have be-
come the choice of many users because of character-
istics of energy saving, environmental protection, and
having a relatively mature technology.
[0041] After the electric vehicle is connected to a char-
ging pile, the user usually needs to swipe a card/scan a
QR code, and the charging pile charges the electric
vehicle through a charging loop between a power battery
and the charging pile. To ensure user safety, the electric
vehicle needs to be charged in a non-operating mode.
When the power battery of the electric vehicle is in a
charging state, if the charging loop between the power
battery of the electric vehicle and the charging pile is
disconnected, the charging pile usually stops charging.
After the charging loop between the power battery of the
electric vehicle and the charging pile is connected again,
the user usually needs to re-swipe the card/re-scan the
QR code to control the charging pile to resume charging.
[0042] On this basis, this application provides a direct
current charging apparatus, a powertrain, and an electric
vehicle. The direct current charging apparatus outputs a
preset direct current voltage to a power supply apparatus
according to a requirement. After a charging loop be-
tween a power battery of the electric vehicle and a char-
ging pile is disconnected, when the charging loop is
connected again, a user does not need to re-swipe a
card/re-scan a QR code, thereby improving user experi-
ence. The following specifically describes the direct cur-
rent charging apparatus, the powertrain, and the electric
vehicle with reference to specific embodiments.
[0043] FIG. 1 is a diagramof anelectric vehicle accord-
ing to an embodiment of this application. As shown in
FIG. 1, the electric vehicle includes a power battery 10
and a powertrain 20. The powertrain 20 is configured to
drive theelectric vehicleorheat thepowerbattery10.The
powertrain 20 includes amotor controller 21, a motor 22,
and a direct current charging apparatus 30. The motor
controller 21 is configured to control the motor 22 to
operate or stop operating.
[0044] FIG. 2 is a diagram of a direct current charging
apparatus according to an embodiment of this applica-
tion. The direct current charging apparatus 30 is config-
ured tocharge thepowerbattery10of theelectric vehicle.
The direct current charging apparatus 30 includes a
direct current charging interface 31, a switch module
32, and a direct current voltage conversion module 33.
[0045] In this embodiment of this application, the direct
current charging interface 31 is configured to connect a

positive electrode and a negative electrode of a power
supply apparatus anda positive electrode anda negative
electrode of the power battery 10 to form a charging loop.
[0046] The power supply apparatus in this embodi-
ment of this application is an apparatus, for example, a
charging pile, that provides charging energy. The power
supply apparatus forms the charging loop with the power
battery 10 through the direct current charging interface
31. The power supply apparatus is connected to the
electric vehicle, and the power supply apparatus charges
the power battery 10 of the electric vehicle through the
direct current charging interface 31.
[0047] In this embodiment of this application, connec-
tion or disconnection of the charging loop is controlled by
the switch module 32. The switch module 32 includes a
controllable switch. When the controllable switch is
turned on, the charging loop is connected. When the
controllable switch is turned off, the charging loop is
disconnected.
[0048] In this embodiment of this application, the direct
current voltage conversion module 33 is configured to
output a preset direct current voltage to the positive
electrode and the negative electrode of the power supply
apparatus.
[0049] In an implementation, the direct current voltage
conversion module 33 is configured to: convert a voltage
of the power battery 10 into the preset direct current
voltage, and output the preset direct current voltage to
the positive electrode and the negative electrode of the
power supply apparatus. In an implementation, the direct
current voltage conversion module 33 is configured to:
convert a voltage of a storage battery of the electric
vehicle into the preset direct current voltage, and output
the preset direct current voltage to the positive electrode
and the negative electrode of the power supply appara-
tus.
[0050] As described above, when the power battery of
the electric vehicle is in a charging state, if the charging
loopbetween thepower battery of theelectric vehicle and
the chargingpile is disconnected, the chargingpile usual-
ly stops charging. In addition, in some scenarios, due to
the disconnection of the charging loop, the charging pile
may further raise an alarm of a charging abnormality.
Therefore, the direct current voltage conversion module
33 in this embodiment of this application may output the
preset direct current voltage to the positive electrode and
the negative electrode of the power supply apparatus, to
deceive the power supply apparatus that the charging
loop between the power supply apparatus and the elec-
tric vehicle is still in a connected state, to prevent the
power supply apparatus from raising an alarm.
[0051] Thepreset direct current voltage in this embodi-
ment of this application is related to aminimumallowable
voltage at which the charging loop formed by the power
supply apparatus and the power battery 10 is discon-
nected but the power supply apparatus does not raise an
alarm. For example, if the minimum allowable voltage of
the power supply apparatus is 380 V, the preset direct
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current voltage is a voltagegreater thanor equal to 380V.
If the minimum allowable voltage of the power supply
apparatus is 220 V, the preset direct current voltage is a
voltage greater than or equal to 220 V. The direct current
voltage conversion module 33 only needs to output the
preset direct current voltage to the power supply appa-
ratus.
[0052] In this embodiment of this application, the
power supply apparatus is connected to the electric
vehicle. After a user swipes a card/scans a QR code,
the switch module 32 of the electric vehicle is turned on,
and the power supply apparatus charges the power
battery 10 through the direct current charging interface
31. However, in a process in which the power supply
apparatus charges the power battery 10, in some sce-
narios, the switch module 32 needs to disconnect the
charging loop. Once the charging loop is disconnected,
the power supply apparatus considers that a charging
abnormality occurs and raises an alarm. To prevent the
power supply apparatus from raising an alarm of a char-
ging abnormality when the charging loop is discon-
nected, the direct current voltage conversion module
33 outputs a voltage to the power supply apparatus, to
deceive the power supply apparatus that the electric
vehicle is still connected to the power supply apparatus
currently. Because the power supply apparatus consid-
ers that the power supply apparatus is continuously
connected to the electric vehicle, after the charging loop
is connected again, charging can be resumedwithout re-
swiping the card/re-scanning the QR code by the user.
[0053] In this embodiment of this application, the direct
current voltage conversion module 33 included in the
direct current charging apparatus 30 has a function of
outputting the preset direct current voltage to the positive
electrode and the negative electrode of the power supply
apparatus. When the direct current voltage conversion
module 33 needs to output the preset direct current
voltage to the positive electrode and the negative elec-
trode of the power supply apparatus, the direct current
voltage conversion module 33 may output the preset
direct current voltage to the positive electrode and the
negativeelectrodeof thepowersupplyapparatus.There-
fore, the power supply apparatus is connected to the
electric vehicle and charges the power battery 10 of
the electric vehicle. If the charging loop between the
power battery 10 of the electric vehicle and the power
supply apparatus is disconnected, the direct current vol-
tage conversion module 33 outputs the preset direct
current voltage to the power supply apparatus. When
the charging loop is disconnected, the direct current
voltage conversion module 33 outputs the preset direct
current voltage to the power supply apparatus. There-
fore, after the charging loop is connected again, the
charging can be resumed without re-swiping the
card/re-scanning the QR code by the user, thereby re-
ducing user operations and improving user experience.
[0054] The foregoing embodiment describes functions
of the switch module 32 and the direct current voltage

conversion module 33. Operating logic of the switch
module 32 and the direct current voltage conversion
module 33 is described in detail below.
[0055] In an embodiment, the switch module 32 is
configured to disconnect the charging loop in response
to that the direct current voltage conversion module 33
outputs the preset direct current voltage.
[0056] In this embodiment of this application, in the
process inwhich thepower supplyapparatuscharges the
power battery 10, in some scenarios, the direct current
voltage conversionmodule 33 needs to output the preset
direct current voltage to the power supply apparatus. In
this embodiment of this application, because the direct
current voltage conversion module 33 first outputs the
preset direct current voltage, and the switch module 32
disconnects the charging looponly in response to that the
direct current voltage conversion module 33 outputs the
preset direct current voltage to the power supply appa-
ratus, there is no possibility that the charging loop is
disconnected and the direct current voltage conversion
module 33 does not output the preset direct current
voltage. This can prevent the power supply apparatus
from immediately raisinganalarmwhen thepowersupply
apparatus detects that the charging loop is disconnected
but does not receive the preset direct current voltage, to
reduce a possibility of raising an alarm by the power
supply apparatus.
[0057] It should be noted that in the process in which
the power supply apparatus charges the power battery
10, if the switch module 32 first disconnects the charging
loop, and thedirect current voltageconversionmodule33
outputs the preset direct current voltage to the power
supply apparatus in response to the disconnection of the
charging loop, there is a possibility that after the charging
loop is disconnected, the direct current voltage conver-
sion module 33 does not output the preset direct current
voltage in time in a short period of time, and consequently
the power supply apparatus raises an alarm. However, in
this embodiment of this application, the switchmodule 32
disconnects the charging loop in response to that the
direct current voltage conversion module 33 outputs the
preset direct current voltage. This can prevent the power
supply apparatus from immediately raising an alarm
when the power supply apparatus detects that the char-
ging interface is disconnected but does not receive the
preset direct current voltage.
[0058] In an embodiment, the direct current voltage
conversionmodule33 is configured to: in response to that
the switch module 32 connects the charging loop, stop
outputting the preset direct current voltage.
[0059] In this embodiment of this application, when the
direct current voltage conversion module 33 outputs the
preset direct current voltage to the power supply appa-
ratus and the switchmodule 32 disconnects the charging
loop, the switch module 32 connects the charging loop
according to a requirement. In this embodiment of this
application, because the switch module 32 first connects
the charging loop, and in response to the connection of
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the charging loop, the direct current voltage conversion
module 33 stops outputting the preset direct current
voltage to the positive electrode and the negative elec-
trode of the power supply apparatus, there is no possi-
bility that the direct current voltage conversionmodule 33
stops outputting the preset direct current voltage and the
charging loop is disconnected. This can prevent the
power supply apparatus from immediately raising an
alarm when the power supply apparatus detects that
the charging loop is disconnected but does not receive
the preset direct current voltage, to reduce a possibility of
raising an alarm by the power supply apparatus.
[0060] It should be noted that when the direct current
voltage conversion module 33 outputs the preset direct
current voltage to the power supply apparatus and the
switch module 32 disconnects the charging loop, if the
direct current voltage conversion module 33 first stops
outputting the preset direct current voltage, and the
switchmodule32connects the charging loop in response
to stopping outputting the preset direct current voltage,
there is a possibility that after output of the preset direct
current voltage is stopped, the switchmodule32doesnot
connect the charging loop in time in a short period of time.
In this case, the charging loop is disconnected, the direct
current voltage conversion module 33 stops outputting
the voltage, and the power supply apparatus raises an
alarm of a charging abnormality. However, in this embo-
diment of this application, in response to that the switch
module 32 connects the charging loop, the direct current
voltageconversionmodule33stopsoutputting thepreset
direct current voltage. This can prevent the power supply
apparatus from immediately raising an alarm when the
power supply apparatus detects that the charging inter-
face is disconnected but does not receive the preset
direct current voltage.
[0061] The following further describes an operating
process of the switch module 32 and the direct current
voltage conversion module 33 provided in this embodi-
ment of this application.
[0062] In this embodiment of this application, the
switch module 32 disconnects or connects the charging
loop based on a comparison result between a tempera-
ture of the power battery 10 and a preset temperature.
[0063] In an embodiment, the temperature of the
power battery 10 is a cell temperature of the power
battery 10. In another embodiment, the temperature of
the power battery 10 is a surface temperature of the
power battery 10.
[0064] In this embodiment of this application, the
switch module 32 disconnects the charging loop in re-
sponse to that the temperature of the power battery 10 is
less than the preset temperature. The switch module 32
connects the charging loop in response to that the tem-
peratureof thepowerbattery10 isgreater thanorequal to
the preset temperature.
[0065] In an embodiment, the preset temperature is a
preset power battery temperature. For example, the pre-
set power battery temperature is minus 5 degrees Cel-

sius. When the temperature of the power battery 10 is
less than minus 5 degrees Celsius, the surface tempera-
ture of the power battery 10 is excessively low. The
excessively low temperature of the power battery 10
causes serious capacity attenuation of the power battery
10 and low charging power of the power battery 10 or
even a charging failure. The switch module 32 discon-
nects the charging loop in response to that the tempera-
ture of the power battery 10 is less than minus 5 degrees
Celsius. This avoids low charging power or even a char-
ging failure caused by charging the power battery 10 at a
low temperature. The switch module 32 disconnects the
charging loop, and the direct current voltage conversion
module 33 outputs the preset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus. The power supply apparatus
considers that the power supply apparatus is still con-
nected to the electric vehicle. After the charging loop is
connected again, the charging can be resumed without
re-swiping the card/re-scanning theQRcode by the user,
to reduce user operations. In addition, the direct current
voltage conversion module 33 in this embodiment of this
applicationoutputs thepreset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus when the charging loop is dis-
connected. This can prevent the power supply apparatus
from raising an alarm of a charging abnormality when the
charging loop is disconnected, to improve user experi-
ence.
[0066] The temperature of the power battery 10 is
greater than or equal to minus 5 degrees Celsius, the
capacity attenuation of the power battery 10 is relatively
reduced, and the power battery 10 is suitable for char-
ging. The switchmodule 32 connects the charging loop in
response to that the temperature of the power battery 10
is greater than or equal to 5 degrees Celsius, and the
power supply apparatus may charge the power battery
10 and complete charging of the power battery 10. Be-
cause theswitchmodule32connects thecharging loop in
response to that the temperature of the power battery 10
is greater than or equal to the preset temperature, that is,
the power battery 10 is charged when it is suitable for
charging, so that charging efficiency can be improved.
[0067] In this embodiment of this application, the direct
current voltage conversion module 33 outputs the preset
direct current voltage or stops outputting the preset direct
current voltage based on a comparison result between
the temperature of the power battery 10 and the preset
temperature.
[0068] In an embodiment, the direct current voltage
conversion module 33 outputs the preset direct current
voltage in response to that the temperature of the power
battery 10 is less than the preset temperature. In re-
sponse to that the temperature of the power battery 10
is greater than or equal to the preset temperature, the
direct current voltage conversion module 33 stops out-
putting the preset direct current voltage.
[0069] Forexample, thepreset powerbattery tempera-
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ture is minus 5 degrees Celsius. The temperature of the
power battery 10 is less than minus 5 degrees Celsius.
For low charging power of the power battery 10 or even a
charging failure, thepowerbattery10needs tobeheated.
The direct current voltage conversion module 33 outputs
the preset direct current voltage to the positive electrode
and thenegativeelectrodeof thepower supplyapparatus
in response to that the temperature of the power battery
10 is less than 5 degrees Celsius. In this embodiment of
this application, the motor controller 21 controls and
drives the motor 22 to operate to heat the power battery
10. The power battery 10 is heated by driving the motor
22, and the switch module 32 controls the charging loop
to be disconnected, to avoid damage to the power supply
apparatus due to an alternating current that is generated
when the motor controller 21 drives the motor 22 to
operate and that enters the power supply apparatus. In
addition, because the direct current voltage conversion
module 33 outputs the preset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus, even if the charging loop is
disconnected, the power supply apparatus still considers
that the power supply apparatus is connected to the
electric vehicle. After the charging loop is connected
again, charging can be resumed without re-swiping the
card/re-scanning the QR code by the user, to improve
user experience.
[0070] When the temperatureof thepowerbattery10 is
greater than or equal to minus 5 degrees Celsius, the
power battery 10 is suitable for charging. In response to
that the temperature of the power battery 10 is greater
than or equal to the preset temperature, the direct current
voltageconversionmodule33stopsoutputting thepreset
direct current voltage. This avoidsacontinuousdecrease
in the voltage of the power battery 10 caused by contin-
uous output of the preset direct current voltage by the
direct current voltage conversion module 33, protecting
the power battery 10. For the power battery 10 whose
temperature is greater than or equal to minus 5 degrees
Celsius, chargingefficiency canbe improvedby charging
the power battery 10 by the power supply apparatus.
[0071] In an embodiment, the switch module 32 con-
nects the charging loop in response to that disconnection
duration of the charging loop is greater than or equal to
preset duration.
[0072] In an embodiment, in response to that the dis-
connectiondurationof thecharging loop isgreater thanor
equal to the preset duration, the direct current voltage
conversion module 33 stops outputting the preset direct
current voltage to the positive electrode and the negative
electrode of the power supply apparatus.
[0073] It shouldbenoted that, thedirect current voltage
conversion module 33 outputs the preset direct current
voltage to the positive electrode and the negative elec-
trode of the power supply apparatus in response to that
the temperature of the power battery 10 is less than the
preset temperature, and the switch module 32 discon-
nects the charging loop. In this state, themotor controller

21 may drive the motor 22 to heat the power battery 10.
Therefore, the disconnection duration of the charging
loop is duration in which the power battery 10 is heated.
[0074] For example, the preset duration is 10 min, and
the disconnection duration of the charging loop is greater
than or equal to 10 min, that is, the duration in which the
power battery 10 is heated is greater than or equal to 10
min. When the power battery 10 is heated within the
preset duration, the temperature of the power battery
10 rises. When the temperature of the power battery
10 rises to the preset temperature, the charging power
of the power battery 10 is normal, and the power battery
10 is suitable for charging. Therefore, in this embodiment
of this application, in response to that the disconnection
duration of the charging loop is greater thanor equal to 10
min, the switch module 32 connects the charging loop,
and the direct current voltage conversion module 33
stops outputting the preset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus. Because the switch module
32 connects the charging loop, and the direct current
voltageconversionmodule33stopsoutputting thepreset
direct current voltage to the positive electrode and the
negative electrode of the power supply apparatus, the
power supply apparatus can normally charge the power
battery 10, and complete charging of the power battery
10.
[0075] In this embodiment of this application, the
switchmodule32connects the charging loop in response
to that the disconnection duration of the charging loop is
greater than or equal to the preset duration. When the
power battery 10 is suitable for charging, the power
supply apparatus charges the power battery 10, so that
charging efficiency can be improved. In addition, in re-
sponse to that the disconnection duration of the charging
loop is greater than the preset duration, the direct current
voltageconversionmodule33stopsoutputting thepreset
direct current voltage to the positive electrode and the
negative electrode of the power supply apparatus. Be-
cause the direct current voltage conversion module 33
stops outputting the preset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus, it is equivalent to that the direct
current voltageconversionmodule33stopsworking, and
the direct current voltage conversionmodule 33 does not
consume power output by the power supply apparatus,
further improving charging efficiency.
[0076] In this embodiment of this application, the
switch module 32 disconnects or connects the charging
loop based on whether the electric vehicle operates. The
direct current voltage conversion module 33 outputs the
preset direct current voltage or stops outputting the pre-
set direct current voltage based on whether the electric
vehicle operates.
[0077] In one embodiment, the switch module 32 is
configured to disconnect the charging loop in response to
that theelectric vehicleoperates.Theswitchmodule32 is
configured to connect the charging loop in response to
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that the electric vehicle stops operating.
[0078] In an embodiment, the direct current voltage
conversion module 33 is configured to output the preset
direct current voltage to the positive electrode and the
negative electrode of the power supply apparatus in
response to that the electric vehicle operates. The direct
current voltage conversionmodule 33 is configured to: in
response to that the electric vehicle stops operating, stop
outputting the preset direct current voltage to the positive
electrode and the negative electrode of the power supply
apparatus.
[0079] In this embodiment of this application, operation
of the electric vehicle may be understood as starting the
electric vehicle, but the electric vehicle does not move
greatly. For example, the electric vehicle is connected to
the power supply apparatus, the switch module 32 is
turned on, and the power supply apparatus charges
the power battery 10 through the direct current charging
interface 31. In a process in which the power supply
apparatus charges the power battery 10, if the electric
vehicle needs to be operated, usually the user needs to
click or tap to stopchargingbefore theelectric vehicle can
be operated. Otherwise, an alarm of a charging abnorm-
ality is raised. However, because the direct current vol-
tage conversion module 33 in this embodiment of this
applicationoutputs thepreset direct current voltage to the
positive electrode and the negative electrode of the
power supply apparatus, after the switch module 32
disconnects the charging loop, the power supply appa-
ratus does not raise an alarm even if the electric vehicle
operates. This is mainly because the direct current vol-
tage conversion module 33 outputs the preset direct
current voltage to the positive electrode and the negative
electrode of the power supply apparatus, so that the
power supply apparatus considers that the electric vehi-
cle is still normally connected to the power supply appa-
ratus. Because of existence of the direct current voltage
conversionmodule 33, the direct current voltage conver-
sion module 33 may output voltage as required, so that
the power supply apparatus does not raise an alarm of a
charging abnormality after the charging loop is discon-
nected, and the user does not need to re-swipe the
card/re-scan theQR code after clicking or tapping to stop
charging, to improve user experience.
[0080] The electric vehicle stops operating, the switch
module 32 connects the charging loop again, and the
direct current voltage conversion module 33 stops out-
putting the preset direct current voltage to the positive
electrode and the negative electrode of the power supply
apparatus. Because the switch module 32 connects the
charging loop, and the direct current voltage conversion
module 33 stops outputting the preset direct current
voltage to the positive electrode and the negative elec-
trode of the power supply apparatus, the power supply
apparatus cannormally charge thepower battery 10, and
complete charging of the power battery 10. In addition,
because the direct current voltage conversionmodule 33
stops outputting the preset direct current voltage to the

positive electrode and the negative electrode of the
power supply apparatus, it is equivalent to that the direct
current voltageconversionmodule33stopsworking, and
the direct current voltage conversionmodule 33 does not
consume power output by the power supply apparatus,
further improving charging efficiency.
[0081] FIG. 3 is another diagram of a direct current
charging apparatus according to an embodiment of this
application. In an embodiment, a direct current charging
apparatus 30 includes a control circuit 34. The control
circuit 34 is configured to: in response to that a direct
current charging interface 31 is connected to a positive
electrode and a negative electrode of a power supply
apparatus, control, based on a comparison result be-
tween a temperature of a power battery and a preset
temperature, a direct current voltage conversion module
33 to output or stop outputting a preset direct current
voltage and control a switch module 32 to connect or
disconnect a charging loop.
[0082] In response to that the direct current charging
interface 31 is not connected to the positive electrode or
thenegativeelectrodeof thepower supplyapparatus, the
control circuit 34 controls the direct current voltage con-
version module 33 to stop outputting the preset direct
current voltage.
[0083] In this embodiment of this application, the direct
current charging interface 31 is connected to the positive
electrode and the negative electrode of the power supply
apparatus, indicating that the power supply apparatus is
ready to charge a power battery 10 through the direct
current charging interface 31. However, the temperature
of the power battery 10 is excessively low, and low char-
ging power or even a charging failure when charging at a
low temperature is considered. Therefore, the power
battery 10 whose temperature is excessively low is not
suitable for charging. Therefore, the control circuit 34
may control, based on the comparison result between
the temperature of the power battery 10 and the preset
temperature, the direct current voltage conversion mod-
ule33 tooutputor stopoutputting thepreset direct current
voltage, and control the switch module 32 to connect or
disconnect the charging loop.
[0084] Specifically, in response to that the temperature
of the power battery 10 is less than the preset tempera-
ture, the control circuit 34 controls the direct current
voltage conversion module 33 to output the preset direct
current voltage, and controls the switch module 32 to
disconnect the charging loop. In this case, the motor
controller 21 drives the motor 22 to operate to heat the
powerbattery10.As the temperatureof thepowerbattery
10 gradually rises, in response to that the temperature of
the power battery 10 is greater than or equal to the preset
temperature, the power battery 10 is suitable for charging
and the control circuit 34 controls the direct current
voltage conversion module 33 to stop outputting the
preset direct current voltage, and controls the switch
module 32 to connect the charging loop. Charging the
power battery 10 when the temperature of the power
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battery 10 is suitable can improve the charging efficiency.
[0085] The direct current charging interface 31 is not
connected to the positive electrode or the negative elec-
trode of the power supply apparatus, indicating that the
power supply apparatus does not charge the power
battery 10. The power supply apparatus does not raise
an alarm of a charging abnormality, and the direct current
voltage conversion module 33 does not need to output
the preset direct current voltage to the positive electrode
and the negative electrode of the power supply appara-
tus. Therefore, the direct current voltage conversion
module 33 stops outputting the preset direct current
voltage to the positive electrode and the negative elec-
trode of the power supply apparatus. If the direct current
charging interface 31 is not connected to the positive
electrode or the negative electrode of the power supply
apparatus, and the direct current voltage conversion
module 33 still outputs the preset direct current voltage
to the positive electrode and the negative electrode of the
power supply apparatus, this further causes a decrease
of a voltageof thepower battery 10, reducinga lifespanof
the power battery 10.
[0086] In this embodiment of this application, in re-
sponse to that the direct current charging interface 31
is connected to the positive electrode and the negative
electrode of the power supply apparatus, the control
circuit 34 controls, based on the comparison result be-
tween the temperature of the power battery 10 and the
preset temperature, the direct current voltage conversion
module 33 to output or stop outputting the preset direct
current voltage, and controls the switch module 32 to
connect or disconnect the charging loop. This avoids low
charging power or even a charging failure caused by
charging the power battery 10 when the temperature of
the power battery 10 is excessively low, and further
prevents the power supply apparatus from raising an
alarm of a charging abnormality when the power supply
apparatusdetects that the charging loop isdisconnected.
In response to that the direct current charging interface
31 is not connected to the positive electrode or the
negative electrode of the power supply apparatus, the
direct current voltage conversion module 33 stops out-
putting the preset direct current voltage to the positive
electrode and the negative electrode of the power supply
apparatus. This avoids a continuous decrease in the
voltage of the power battery 10 caused by continuous
output of the preset direct current voltage converted from
the power battery 10, to the positive electrode and the
negative electrode of the power supply apparatus by the
direct current voltage conversion module 33, protecting
the power battery 10.
[0087] In an embodiment, the electric vehicle includes
amotor controller 21andamotor 22. Themotor controller
21 is configured to connect or disconnect a discharging
loop between the power battery 10 and the motor 22.
[0088] The control circuit 34 is configured to: in re-
sponse to that the temperature of the power battery 10
is less than the preset temperature, control the motor

controller 21 to connect the discharging loop.
[0089] The control circuit 34 is configured to: in re-
sponse to that the temperature of the power battery 10
is greater than or equal to the preset temperature, control
the motor controller 21 to disconnect the discharging
loop.
[0090] In this embodiment of this application, the tem-
perature of the power battery 10 is less than the preset
temperature, and the power battery 10 is not suitable for
charging. The control circuit 34 controls the motor con-
troller 21 to connect the discharging loop. In a process of
charging and discharging the power battery 10, a current
generates heat on internal resistor of the power battery
10, so that heating of the power battery 10 is implemen-
ted.
[0091] As the power battery 10 is continuously heated,
the temperature of the power battery 10 gradually rises.
In response to that the temperature of the power battery
10 is greater than or equal to the preset temperature, the
power battery 10 is suitable for charging. The control
circuit 34 controls the motor controller 21 to disconnect
the discharging loop, to avoid overtemperature of the
power battery 10. When the power battery 10 is suitable
for charging, the switchmodule 32 connects the charging
loop formed by the positive electrode and the negative
electrode of the power supply apparatus and a positive
electrodeandanegativeelectrodeof thepowerbattery to
charge the power battery 10, so that charging efficiency
can be improved.
[0092] In this embodiment of this application, in re-
sponse to that the temperature of the power battery 10
is less than the preset temperature, the control circuit 34
controls the motor controller 21 to connect the dischar-
ging loop, to heat the power battery 10. This helps im-
prove charging efficiency of the power battery 10. As the
temperature of the power battery 10 rises, in response to
that the temperature of the power battery 10 is greater
than or equal to the preset temperature, the control circuit
34 controls the motor controller 21 to disconnect the
discharging loop, to avoid overtemperature of the power
battery 10.
[0093] In an embodiment, the direct current charging
interface 31 includes two battery connection terminals
and two power source connection terminals. The two
battery connection terminals are respectively configured
to connect to the positive electrode and the negative
electrode of the power battery 10. The two power source
connection terminals are respectively configured to con-
nect to the positive electrode and the negative electrode
of the power supply apparatus.
[0094] The direct current voltage conversion module
33 receives, through the two battery connection term-
inals, power supplied by the power battery 10. The direct
current voltage conversion module 33 outputs the preset
direct current voltage through the two power source
connection terminals.
[0095] In this embodiment of this application, the two
battery connection terminals and the two power source
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connection terminals are terminals on the direct current
charging interface 31. The direct current voltage conver-
sion module 33 receives, through the two battery con-
nection terminals, power supplied by the power battery
10, and outputs the preset direct current voltage to the
power supply apparatus through the two power source
connection terminals. This can prevent the power supply
apparatus from raising an alarm caused by a charging
abnormality. In addition, the direct current voltage con-
version module 33 is connected to the two battery con-
nection terminals and the two power source connection
terminals on the direct current charging interface 31, and
can be compatible with terminals on the direct current
charging interface 31. This facilitates integration.
[0096] FIG. 4 is another diagram of a direct current
charging apparatus according to an embodiment of this
application. The following describes a circuit topology
diagramof a direct current voltage conversionmodule 33
with reference to FIG. 4.
[0097] In an embodiment, the direct current voltage
conversion module 33 includes a diode, a resistor, a
capacitor, and a controllable switch.
[0098] An anode of the diode is connected to one
battery connection terminal. A cathode of the diode is
connected to one power source connection terminal
through the resistor and the controllable switch. The
battery connection terminal is configured to connect to
a positive electrode of a power battery 10. The power
source connection terminal is configured to connect to a
positive electrode of a power supply apparatus.
[0099] One end of the capacitor is connected between
the resistor and the switch. The other end of the capacitor
is connected to the other battery connection terminal and
the other power source connection terminal. The other
battery connection terminal is configured to connect to a
negative electrode of the power battery 10. The other
power source connection terminal is configured to con-
nect to a negative electrode of the power supply appa-
ratus.
[0100] Refer to FIG. 4. A direct current voltage conver-
sion module 33 includes a diode D, a resistor R, a
capacitor C1, and a switch K7. The diode D, the resistor
R, and the switchK7are connected in series between the
positiveelectrodeof thepowerbattery10and thepositive
electrode of the power supply apparatus. The end of the
capacitor C1 is connected between the resistor Rand the
switchK7. Theother endof the capacitorC1 is connected
between the negative electrode of the power battery 10
and the negative electrode of the power supply appara-
tus.
[0101] When the direct current voltage conversion
module 33 needs to output a preset direct current voltage
to the positive electrode and the negative electrode of the
power supply apparatus, the switchK7 is turnedon, anda
current flow direction is an arrow direction in FIG. 5. A
current flows out from the positive electrode of the power
battery 10 and flows into the positive electrode of the
power supply apparatus through the diodeD, the resistor

R, and the switch K7. The current flows out from the
negative electrode of the power supply apparatus and
flows into the negative electrode of the power battery 10.
This forms a direct current voltage output loop.
[0102] When the direct current voltage conversion
module 33 does not need to output the preset direct
current voltage to the positive electrode and the negative
electrode of the power supply apparatus, the switch K7 is
turned off, and the direct current voltage conversion
module 33 cannot output the preset direct current voltage
to the power supply apparatus.
[0103] It should be noted that the capacitor C1 and the
resistor R together form a filter circuit, configured to filter
out an alternating current that is superimposed in a direct
current and that is output by the power battery 10. For
example, it is assumed that the power battery 10 outputs
a direct current of 380 V, and an alternating current of a
size of 50 V is superimposed on the direct current. The
alternating current may be filtered out by setting a capa-
city of the capacitor C1 and a size of the resistor R, to
output the direct current of 380 V to the power supply
apparatus.
[0104] In this embodiment of this application, the direct
current voltage conversionmodule 33 includes the diode
D, the resistor R, the capacitor C1, and the switch K7.
When the switch K7 is turned on, the direct current
voltage conversion module 33 outputs the preset direct
current voltage to the power supply apparatus.When the
switch K7 is turned off, the direct current voltage conver-
sion module 33 stops outputting the preset direct current
voltage to the power supply apparatus. A function of the
direct current voltage conversion module 33 can be im-
plemented through a simple operation. In addition, the
direct current voltage conversion module 33 includes a
few components. This facilitates integration, reduces
costs, and has specific advantages.
[0105] In one embodiment, the switch module 32 in-
cludes other two controllable switches.
[0106] Onecontrollable switch is configured to connect
or disconnect one power source connection terminal and
one battery connection terminal.
[0107] The other controllable switch is configured to
connect ordisconnect theotherpowersourceconnection
terminal and the other battery connection terminal.
[0108] In this embodiment of this application, the con-
trollable switch may be a power switching transistor, a
relay, or the like. The power switching transistor may be
one or more of a plurality of types of switching transistors
such as a metal-oxide semiconductor field effect transis-
tor (metal-oxide semiconductor field effect transistor,
MOSFET) and an insulated gate bipolar transistor (in-
sulated gate bipolar transistor, IGBT). The relay may be
one or more of a plurality of types of relays such as a
signal relay anda temperature relay. This is not listed one
by one in this embodiment of this application.
[0109] In this embodiment of this application, that the
power switching transistor is an IGBT is used as an
example. The IGBT includes a gate G, a collector C,
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and an emitter E. The gate G of the IGBT is configured to
control turn-on or turn-off of the IGBT. When the IGBT is
turned on, a current can be transmitted between the
collector C and the emitter E. When the IGBT is turned
off, no current can be transmitted between the collector C
and the emitter E.
[0110] FIG. 6 is another diagram of a direct current
charging apparatus according to an embodiment of this
application. Refer to FIG. 6. The switch module 32 in-
cludes a switching transistor V5 and a switching transis-
tor V6. A collector C of the switching transistor V5 is
connected to a positive electrode of a power battery,
and an emitter E of the switching transistor V5 is con-
nected to a positive electrode of a power supply appa-
ratus. The collector C of the switching transistor V6 is
connected to a negative electrode of the power battery,
and an emitter E of the switching transistor V6 is con-
nected to a negative electrode of the power supply ap-
paratus.AgateGof theswitching transistorV5andagate
Gof theswitching transistorV6areconnected toa control
apparatus (not shown in the figure), configured to control
a voltage between the gate G and the emitter E. When t
the voltage between the gate G and the emitter E is
greater than a turn-on voltage, the IGBT is turned on.
A power supply apparatus charges a power battery 10
through a direct current charging interface 31.
[0111] When the power supply apparatus charges the
power battery 10 through the direct current charging
interface 31, a battery flow direction is an arrow direction
inFIG. 7.Acurrent flowsout from thepositiveelectrodeof
the power battery 10 and flows into the positive electrode
of the power supply apparatus through the switching
transistor V5, and the current flows out from the negative
electrode of the power supply apparatus and flows into
the negative electrode of the power battery 10 through
the switching transistor V6. This forms a charging loop.
[0112] In an embodiment, a powertrain 20 includes a
motor 22, a motor controller 21, and the direct current
charging apparatus 30 in any one of the foregoing em-
bodiments. The motor controller 21 is configured to con-
nect or disconnect a discharging loop between a power
battery 10 and the motor 22.
[0113] In this embodiment of this application, themotor
controller 21 is configured to connect or disconnect the
discharging loop between the power battery 10 and the
motor 22. For example, a temperature of the power
battery 10 is less than a preset temperature. The power
battery 10 is not suitable for charging, considering ex-
cessively low charging power or even a charging failure
when the temperature of the power battery 10 is exces-
sively low. Themotor controller 21 controls connection of
the discharging loop between the power battery 10 and
the motor 22, and in a process of charging and dischar-
ging the power battery 10, a current generates heat on
internal resistor of the power battery 10, so that heating of
the power battery 10 is implemented.
[0114] As the power battery 10 is continuously heated,
the temperature of the power battery 10 gradually rises.

When the temperature of the power battery 10 is greater
thanorequal to thepreset temperature, thepowerbattery
10 is suitable for charging. The motor controller 21 con-
trols disconnection of the discharging loop between the
power battery 10 and the motor 22, to avoid overtem-
perature of the power battery 10. In addition, when the
power battery 10 is suitable for charging, a switchmodule
32 connects a charging loop formed by a positive elec-
trode and a negative electrode of a power supply appa-
ratus and a positive electrode anda negative electrode of
the power battery to charge the power battery 10, so that
charging efficiency can be improved.
[0115] In this embodiment of this application, themotor
controller 21 is configured to connect or disconnect the
discharging loop between the power battery 10 and the
motor 22.to that The motor controller 21 controls the
connection of the discharging loop in response to that
the temperature of the power battery 10 is less than the
preset temperature, to heat the power battery 10. This
helps improve charging efficiency of the power battery
10. As the temperature of the power battery 10 rises,to
that the motor controller 21 controls the disconnection of
the discharging loop in response to that the temperature
of the power battery 10 is greater than or equal to the
preset temperature, to avoid overtemperature of the
power battery 10.
[0116] In an embodiment, the motor controller 21 is
configured to connect the discharging loop in response to
that the switchmodule 32 disconnects the charging loop.
[0117] In an embodiment, the motor controller 21 is
configured to disconnect the discharging loop in re-
sponse to that connection duration of the discharging
loop is greater than or equal to preset duration.
[0118] In this embodiment of this application, if the
switch module 32 disconnects the charging loop, it in-
dicates that the switch module 32 is not suitable for
charging the power battery 10 in this case. This may
be because the temperature of the power battery 10 is
excessively low, or may be because an electric vehicle
needs to operate. If the charging loop is disconnected
because the temperature of the power battery 10 is
excessively low, the motor controller 21 connects the
discharging loop in response to that the switch module
32 disconnects the charging loop, to heat the power
battery 10. This avoids low charging power or even a
charging failure when charging the power battery 10
when the temperature of the power battery 10 is exces-
sively low.
[0119] In this embodiment of this application, the dis-
charging loop is connected, and the motor controller 21
drives the motor 22 to continuously heat the power bat-
tery 10. As the discharging loop is connected, the tem-
perature of the power battery 10 continuously rises.
When the connection duration of the discharging loop
is greater than or equal to the preset duration, the power
battery10 is suitable for charging.Themotor controller 21
disconnects the discharging loop in response to that the
connection duration of the discharging loop is greater
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than or equal to the preset duration, to stop heating the
power battery 10. This avoids impact of an excessively
high temperature of the power battery 10 on a lifespan of
the power battery 10.
[0120] In an embodiment, the motor controller 21 in-
cludesacontrol circuit andan inverter circuit. The inverter
circuit includes three bridge arm circuits. Two ends of
eachbridgearmare respectively configured toconnect to
apositiveelectrodeandanegativeelectrodeof thepower
battery. Bridge armmidpoints of three bridge arm circuits
eachare configured to connect to a one-phasewinding of
the motor 22.
[0121] The control circuit controls an upper bridge arm
switching transistor of one bridge arm to be turned on, a
lower bridge arm switching transistor of another bridge
arm to be turned on, and the motor controller 21 to
connect the discharging loop.
[0122] The control circuit controls upper bridge arm
switching transistors and lower bridge arm switching
transistors of a plurality of bridge arms to remain in a
turn-off state, and the motor controller 21 to disconnect
the discharging loop.
[0123] The control circuit in this embodiment of this
application may be the control circuit 34 in the direct
current charging apparatus 30 in FIG. 3, or may be the
control circuit in themotor controller 21.This isnot limited.
[0124] In this embodiment of this application, when the
temperature of the power battery 10 is less than or equal
to the preset temperature, if the power battery 10 is
continuously charged, this may cause severe capacity
attenuation of the power battery 10, and low charging
power of the power battery 10 or even a charging failure.
Accordingly, the control circuit controls turn-on/turn-off of
the switching transistor to heat the power battery 10.
[0125] The switching transistor included in the bridge
arm circuit in this embodiment of this application may be
oneormore of a plurality of types of switching transistors,
such as a MOSFETand an IGBT. This is not specifically
limited.
[0126] FIG. 8 is a diagram of a powertrain according to
an embodiment of this application. Refer to FIG. 8. A
motor controller 21 includes six switching transistors
(including Q1, Q2, Q3, Q4, Q5, and Q6). Control electro-
des of the six switching transistors are all connected to a
control circuit 210.Thecontrol circuit 210controls turn-on
or turn-off of the six switching transistors so that a power
battery 10 is in cyclic discharging and charging, to heat
the power battery 10, which is described in detail below
with reference to FIG. 9 and FIG. 10.
[0127] FIG. 9 is a schematic of a discharging loop
according to an embodiment of this application. FIG.
10 is a schematic of a charging loop according to an
embodiment of this application. In FIG. 9 andFIG. 10, the
power battery 10 is equivalent to a battery pack and
internal resistor.
[0128] In FIG. 9, the control circuit 210 controls the
switching transistors Q1, Q4, and Q6 to be turned on, so
that a discharging loop is formed between the power

battery 10, Q1, Q4, Q6, and a motor 22. In FIG. 10, the
control circuit 210 controls the switching transistors Q2,
Q3, and Q5 to be turned on, so that a charging loop is
formed between the power battery 10, Q2, Q3, Q5, and a
motor 22.
[0129] Refer to FIG. 9. The battery pack outputs en-
ergy, a current flows out from a positive electrode, flows
into themotor fromaUphase through the internal resistor
and the switching transistor Q1, and flows out from a V
phase and a W phase of the motor separately. After
flowing out from the V phase of the motor, the current
flows into a negative electrode of the battery through the
switching transistor Q4. After flowing out from the W
phase of the motor, the current flows into the negative
electrode of the battery through the switching transistor
Q6. This forms the battery discharging loop, and the
motor stores energy in this process. In addition, in the
battery discharging process, because the current flows
through the internal resistor of the battery, the internal
resistor of the battery generates heat, so that heating of
the power battery 10 is implemented.
[0130] Refer to FIG. 10. The motor releases energy, a
current flows out from a V phase and a W phase of the
motor, flows into the battery through the switching tran-
sistor Q3 after flowing out from the V phase of the motor,
and flows into the battery through the switching transistor
Q5 after flowing out from theW phase of the motor. After
passing through the internal resistor and the battery
pack, the current flows into a U phase of the motor
through the switching transistor Q2, and flows out from
the V phase and W phase of the motor separately. This
forms the battery charging loop, and the battery stores
energy in this process. In addition, in the battery charging
process, because the current flows through the internal
resistor of the battery, the internal resistor of the battery
generates heat, so that heating of the power battery 10 is
implemented.
[0131] In conclusion, in a charging and discharging
process of the power battery 10, currents flow through
the internal resistor of the power battery 10, and the
currents continuously generate heat on the internal re-
sistor of the power battery 10. Therefore, the power
battery 10 is continuously in a heating state.
[0132] It should be noted that the discharging loop and
the charging loop shown in FIG. 9 and FIG. 10 aremerely
examples for description. In some possible implementa-
tions, the control circuit 210 controls different switching
transistors to be turned on or turned off, to heat the power
battery 10.
[0133] For example, the control circuit 210 controls the
switching transistors Q2, Q3, and Q6 to be turned on, so
that a discharging loop is formed between the power
battery 10, Q2, Q3, Q6, and the motor 22. The control
circuit 210 controls the switching transistors Q1, Q4, and
Q5 to be turned on, so that a charging loop is formed
between the battery 10, Q1, Q4, Q5, and the motor 22.
[0134] In this embodiment of this application, the con-
trol circuit controls an upper bridge arm switching tran-
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sistor of one bridge arm and a lower bridge arm switching
transistor of another bridge arm to be turned on, and the
motor controller to connect the discharging loop, to heat
the power battery 10. This helps improve charging effi-
ciencyof thepowerbattery10. Thecontrol circuit controls
upper bridge arm switching transistors and lower bridge
arm switching transistors of a plurality of bridge arms to
remain in a turn-off state, and the motor controller to
disconnect the discharging loop, to stop heating the
power battery 10. This avoids impact of overtemperature
of the power battery 10 on a lifespan of the power battery.
When the motor controller 21 controls connection or
disconnection of the discharging loop, the control circuit
may further control disconnection of the charging loop, to
heat thepower battery 10andavoid damage to thepower
supply apparatus due toanalternating current that enters
the power supply apparatus and that is generated when
the motor operates because the control circuit controls
turn-on/turn-off of the switching transistor.
[0135] This application further provides an electric ve-
hicle. The electric vehicle includes a power battery 10, a
vehicle controller, a motor controller 21, a motor 22, and
the direct current charging apparatus 30 in any one of the
foregoing embodiments.
[0136] The power battery 10 includes a battery man-
agementunit. Thebatterymanagementunit is configured
to detect a temperature of the power battery 10.
[0137] The vehicle controller is configured to control at
least one of the direct current charging apparatus 30 or
the motor controller 21 based on a comparison result
between the temperature of the power battery 10 and a
preset temperature.
[0138] In this embodiment of this application, in re-
sponse to that the temperature of the power battery 10
is less than the preset temperature, the vehicle controller
controls the motor controller 21 to connect a discharging
loop between the power battery 10 and the motor 22, to
heat the power battery 10. This avoids low charging
power or even a charging failure caused by charging
the power battery 10 when the temperature of the power
battery 10 is excessively low. In addition, in response to
that the temperature of the power battery 10 is less than
thepreset temperature, the vehicle controller controls the
direct current charging apparatus 30 to output a preset
direct current voltage, so that an alarm of a charging
abnormality raised by a power supply apparatus for dis-
connection of a charging loop can be avoided, to further
reduce user operations and improve user experience.
[0139] As the temperature of the power battery 10
gradually rises, in response to that the temperature of
the power battery 10 is greater than or equal to the preset
temperature, the vehicle controller controls the motor
controller 21 to disconnect the discharging loop between
the power battery 10 and themotor 22, to avoid impact of
overtemperature of the power battery 10 on a lifespan of
the power battery. In addition, in response to that the
temperature of the power battery 10 is greater than or
equal to the preset temperature, the vehicle controller

controls the direct current charging apparatus 30 to stop
outputting the preset direct current voltage. This further
avoids a continuous decrease in a voltage of the power
battery 10 caused by continuous output of the preset
direct current voltage converted from the power battery
10, to a positive electrode and a negative electrode of the
power supply apparatus by the direct current charging
apparatus 30, protecting the power battery 10.
[0140] For better understanding of the solutions in this
application, FIG. 11 is a diagram of a battery low tem-
perature heating method according to an embodiment of
this application. The method includes steps 710 to 720.
[0141] 710:Detect that an electric vehicle is connected
to a charging pile.
[0142] 712: Determine whether a temperature of a
power battery of the electric vehicle is less than a preset
temperature.
[0143] If yes, step 714 is performed. If no, step 720 is
performed.
[0144] 714: A direct current-direct current (direct cur-
rent-direct current, DC-DC) module works and outputs a
preset direct current voltage, a charging loop is discon-
nected, and the power battery is heated through charging
and discharging.
[0145] TheDC-DCmodule is the direct current voltage
conversion module 33 in the foregoing embodiment.
[0146] 716: Determine whether the temperature of the
power battery is greater than or equal to the preset
temperature, or whether duration of charging and dis-
charging the power battery is greater than or equal to
preset duration.
[0147] If yes, step 718 is performed. If no, return to
perform step 714.
[0148] 718: The DC-DCmodule and a powertrain stop
working, and the charging loop is connected.
[0149] In step 718, the DC-DC module may not stop
working. This is not limited.
[0150] 720: Enter a normal fast charging mode.
[0151] In this embodiment of this application, after it is
detected that the electric vehicle is connected to the
charging pile, it is first determined whether the tempera-
ture of the power battery of theelectric vehicle is less than
the preset temperature, and if not, fast charging starts. If
yes, because the temperature of the power battery is less
than the preset temperature, it is not suitable to directly
charge the power battery. Therefore, the DC-DCmodule
may be enabled to work, and the preset direct current
voltage may be output to the charging pile, so that the
charging pile and the electric vehicle form a deceptive
connection, the chargingpile is suspended fromcharging
the battery, and the charging loop is disconnected. A
motor controller controls heating of the power battery.
When the temperature of the power battery is greater
than or equal to the preset temperature, or the duration of
charging and discharging the battery is greater than or
equal to the preset duration, the DC-DC module and the
powertrain are stopped from working, and the charging
loop is connected to enter thenormal fast chargingmode.
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[0152] It should be understood that the specific exam-
ples in the foregoing embodiments are merely intended
to help a person skilled in the art better understand
embodiments of this application, but are not intended
to limit the scope of embodiments of this application. It
should be further understood that sequence numbers of
the foregoing processes do not mean execution se-
quences. The execution sequences of the processes
should be determined based on functions and internal
logic of the processes, and should not be construed as
any limitation on the implementation processes of embo-
diments of this application.
[0153] The foregoing descriptions are merely specific
implementations of this application, but are not intended
to limit the protection scope of this application. Any
variation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this applicationshall fall within theprotection scopeof this
application. Therefore, the protection scope of this ap-
plication shall be subject to the protection scope of the
claims.

Claims

1. A direct current charging apparatus, wherein the
direct current charging apparatus is configured to
charge a power battery of an electric vehicle or a
hybrid electric vehicle, and the direct current char-
ging apparatus comprises a direct current charging
interface, a switch module, and a direct current vol-
tage conversion module;

the direct current charging interface is config-
ured to connect a positive electrode and a ne-
gative electrode of a power supply apparatus
and a positive electrode and a negative elec-
trode of the power battery to form a charging
loop;
the switch module is configured to connect or
disconnect the charging loop; and
the direct current voltage conversion module is
configured to output a preset direct current vol-
tage to the positive electrode and the negative
electrode of the power supply apparatus.

2. The direct current charging apparatus according to
claim 1, wherein the switch module is configured to:
disconnect the charging loop in response to that the
direct current voltage conversionmoduleoutputs the
preset direct current voltage.

3. The direct current charging apparatus according to
claim 1 or 2, wherein the direct current voltage con-
version module is configured to:
in response to that the switch module connects the
charging loop, stop outputting the preset direct cur-
rent voltage.

4. The direct current charging apparatus according to
anyoneof claims1 to3,wherein the switchmodule is
configured to:

disconnect the charging loop in response to that
a temperature of the power battery is less than a
preset temperature; or
connect the charging loop in response to that a
temperature of the power battery is greater than
or equal to a preset temperature.

5. The direct current charging apparatus according to
any one of claims 1 to 4, wherein the direct current
voltage conversion module is configured to:

output the preset direct current voltage in re-
sponse to that the temperature of the power
battery is less than the preset temperature; or
in response to that the temperature of the power
battery is greater than or equal to the preset
temperature, stop outputting the preset direct
current voltage.

6. The direct current charging apparatus according to
any one of claims 1 to 5, wherein the direct current
charging apparatus comprises a control circuit, and
the control circuit is configured to:

in response to that the direct current charging
interface is connected to the positive electrode
and the negative electrode of the power supply
apparatus, control, based on a comparison re-
sult between the temperature of the power bat-
tery and the preset temperature, the direct cur-
rent voltage conversionmodule to output or stop
outputting the preset direct current voltage, and
control the switch module to connect or discon-
nect the charging loop; or
in response to that the direct current charging
interface is not connected to the positive elec-
trode or the negative electrode of the power
supply apparatus, control the direct current vol-
tage conversion module to stop outputting the
preset direct current voltage.

7. The direct current charging apparatus according to
claim 6, wherein the electric vehicle comprises a
motor controller and a motor, the motor controller
is configured to connect or disconnect a discharging
loop between the power battery and the motor, and
the control circuit is configured to:

in response to that the temperature of the power
battery is less than the preset temperature, con-
trol the motor controller to connect the dischar-
ging loop; or
in response to that the temperature of the power
battery is greater than or equal to the preset
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temperature, control the motor controller to dis-
connect the discharging loop.

8. The direct current charging apparatus according to
any one of claims 1 to 7, wherein the direct current
charging interface comprises two battery connection
terminals and two power source connection term-
inals, the two battery connection terminals are re-
spectively configured to connect to the positive elec-
trode and the negative electrode of the power bat-
tery, and the two power source connection terminals
are respectively configured to connect to the positive
electrode and the negative electrode of the power
supply apparatus; and
the direct current voltage conversion module re-
ceives, through the two battery connection term-
inals, power supplied by the power battery, and the
direct current voltage conversionmoduleoutputs the
preset direct current voltage through the two power
source connection terminals.

9. The direct current charging apparatus according to
claim 8, wherein the direct current voltage conver-
sion module comprises a diode, a resistor, a capa-
citor, and a controllable switch;

an anode of the diode is connected to one bat-
tery connection terminal, a cathode of the diode
is connected to one power source connection
terminal through the resistor and thecontrollable
switch, the battery connection terminal is con-
figured to connect to the positive electrodeof the
power battery, and the power source connection
terminal is configured to connect to the positive
electrode of the power supply apparatus; and
one end of the capacitor is connected between
the resistor and the switch, the other end of the
capacitor is connected to the other battery con-
nection terminal and the other power source
connection terminal, the other battery connec-
tion terminal is configured to connect to the
negative electrode of the power battery, and
the other power source connection terminal is
configured to connect to the negative electrode
of the power supply apparatus.

10. The direct current charging apparatus according to
claim 8, wherein the switch module comprises other
two controllable switches;

one controllable switch is configured to connect
or disconnect one power source connection
terminal and one battery connection terminal;
and
the other controllable switch is configured to
connect or disconnect the other power source
connection terminal and the other battery con-
nection terminal.

11. A powertrain, wherein the powertrain comprises a
motor, a motor controller, and the direct current
charging apparatus according to any one of claims
1 to 10, and the motor controller is configured to
connect or disconnect a discharging loop between
the power battery and the motor.

12. The powertrain according to claim 11, wherein the
motor controller is configured to:
connect the discharging loop in response to that the
switch module disconnects the charging loop.

13. The powertrain according to claim 11 or 12, wherein
the motor controller is configured to:
disconnect the discharging loop in response to that
connection duration of the discharging loop is great-
er than or equal to preset duration.

14. The powertrain according to any one of claims 11 to
13, wherein the motor controller comprises a control
circuit and an inverter circuit, the inverter circuit
comprises three bridge arm circuits, two ends of
each bridge arm are respectively configured to con-
nect a positive electrode and a negative electrode of
the power battery, and bridge arm midpoints of the
three bridge arm circuits each are configured to
connect to a one-phase winding of the motor; and

the control circuit controls an upper bridge arm
switching transistor of one bridge arm to be
turned on, a lower bridge arm switching transis-
tor of another bridgearm tobe turnedon, and the
motor controller to connect the discharging loop;
or
the control circuit controls upper bridge arm
switching transistors and lower bridge arm
switching transistors of the plurality of bridge
arms to remain in a turn-off state, and the motor
controller to disconnect the discharging loop.

15. An electric vehicle, wherein the electric vehicle com-
prises a power battery, a vehicle controller, a motor
controller, a motor, and the direct current charging
apparatus according to any one of claims 1 to 10;

the power battery comprises a battery manage-
ment unit, and the battery management unit is
configured to detect a temperature of the power
battery; and
the vehicle controller is configured to control at
least one of the direct current charging appara-
tus or the motor controller based on a compar-
ison result between the temperature of the
power battery and a preset temperature.

5

10

15

20

25

30

35

40

45

50

55



18

EP 4 488 106 A1



19

EP 4 488 106 A1



20

EP 4 488 106 A1



21

EP 4 488 106 A1



22

EP 4 488 106 A1



23

EP 4 488 106 A1



24

EP 4 488 106 A1

5

10

15

20

25

30

35

40

45

50

55



25

EP 4 488 106 A1

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

